Introduction
Modern cosmological observations have shown that around 5% of the total energy density in the Universe is the baryonic matter, about 26% is the dark matter needed for structure formation, and dominant 69% is the dark energy responsible for the recent phase of accelerated expansion.
The simplest model for dark energy is a cosmological constant. This tiny positive constant is reintroduced through several cosmological observations from supernovae, which indicate the acceleration of current expansion rate of the Universe [1, 2] . The addition of a cosmological constant to cold dark matter leads to the currently popular ΛCDM model. Although the ΛCDM model was introduced in the late 1990s as a concordance cosmology [3] , it still provides a a e-mail: huangjj@mail.mcut.edu.tw b e-mail: mengw102@yahoo.com for Λ , and estimate Λ Ω to be ~ 70% of the current critical density [4, 5] . Combining latest Planck data with other astrophysical data, including Type Ia supernovae, the equation of state of dark energy is also constrained to w 045 . 0 006 . 1 ± − = , consistent with the expected value of a cosmological constant [6] .
The paper is organized as follows. In Sect. 2, the Hubble law is viewed as the de Broglie relation on cosmic scale. Then we show how the entropy of the Universe can be estimated in the ΛCDM model, and how the quest for the maximal entropy leads to the energy constituents of the current Universe. In Sect.
3, similar approach is applied in the extended ΛCDM model to estimate the energy constituents of the Universe. The conclusion and discussion are presented in Sect. 4. Appendix A contains technical derivation of the energy constituents of the current Universe.
Hubble law and de Broglie relation
Assuming the homogeneous and isotropic Universe, the Hubble parameter Let us recall a plane wave with the wavelength λ and angular frequency ω :
where q is the wave vector and p v the phase velocity. The frequency is then
Hence the ν is the phase velocity of the plane wave scaled by the wavelength. 
where 1 α is a dimensionless parameter to be determined by observations. In fact, with bounded waves we have n = 1 α . In deriving the last expression, the Hubble law has been used. Recall that at a given epoch the Hubble parameter H is a universal constant. Accordingly, by eq. (4), q is also a universal constant.
The recession velocity at R may be evaluated by HR R = & . For the Universe of the present epoch ( . (7) Let the general expression for R & be written as 
Using the Hubble law (8), (4) becomes
Likewise, the de Broglie relation (9) becomes c H R
Through the Hubble law 
The temperature defined by
is identified with the Hawking temperature at s r . Here, B k is the Boltzmann constant.
The entropy of the black hole is given by 
In what follows, we further illustrate how the general entropy S for a system with non-negligible Λ and variable R can be estimated in the ΛCDM model.
We also show how the quest for the maximal entropy max (24)
In terms of dB E , (24) may be written as 
which is the configuration corresponding to the maximal entropy of the Universe.
Extended ΛCDM model
In this section we estimate further the energy constituents of the current 
where δ is the parameter to measure possible relics of slow-roll fields, γ is the parameter to measure the hot dark matter and/or dark radiation, and 
Here, (36) may be recast as: 
In this case
Conclusion and discussion
In this paper, we first establish the relationship between the Hubble parameter and the frequency of a sinusoidal cosmic wave. Then we propose that the Hubble law can be viewed as an indication of the de Broglie relation on cosmic scale. We also calculate the entropy of the Universe in the ΛCDM model, and obtain the energy constituents of the current Universe through the quest of the maximal entropy.
From (28) we note that the energy constituents We have also shown that at a given epoch, the Hubble constant H is related to the wave vector q by (4) . One could start with a wave packet to associate Finally we note that the de Broglie wave used for description of the Universe in this paper has its usual meaning in the standard quantum mechanics, and it is not the pilot wave in the de Broglie-Bohm theory. For the pilot wave treatment, it has been shown that quantum potential effects are negligible when the Universe is at the epoch of well after horizon exit [11] . 
